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SEMICONDUCTOR DEVICE HAVING T-SHAPED GATE ELECTRODE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

5 

This application claims the priority of Korean Patent Application No. 
2002-74122, filed on November 26, 2002, in the Korean Intellectual Property Office, 
the disclosure of which is incorporated herein in its entirety by reference. 

10 1 . Field of the Invention 

The present invention relates to a semiconductor device and a method of 
manufacturing the same, and more particularly, to a semiconductor device having a 
field effect transistor (FET) using a compound semiconductor, such as a 
metal-semiconductor field effect transistor (MESFET) or a high electron mobility 

15 transistor (HEMT), and a method of manufacturing the same. 
2. Description of the Related Art 

Recently, devices, such as an MESFET and a HEMT which are compound 
semiconductor microwave devices, are widely utilized to manufacture ultrahigh 
frequency integrated circuits (ICs). The devices have excellent noise 

20 characteristics in a radio frequency band and are essentially utilized to manufacture 
low noise amplifiers. The FETs used as a basic device for an IC employ a 
multi-level metallization (MLM) structure. A narrow and long interconnection is 
formed for such an MLM structure. In particular, an FET for an amplifier having an 
excellent radio frequency characteristic forms a T-shaped gate electrode, so as to 

25 perform a high-speed operation and have a high gain and a low noise characteristic, 
thereby reducing the length of a gate electrode. 

A conventional FET having a T-shaped gate electrode uses a silicon nitride 
layer, so as to protect the surface of a compound semiconductor substrate. In this 
case, the silicon nitride layer is interposed between the T-shaped gate electrode and 

30 a source electrode. In this structure, parasitic capacitance exists between a head 
portion of the T-shaped gate electrode and the source electrode. As such, signal 
delay and electrical cross-talk occur, causing the operating speed of a device to 
restrict and reduce a cut-off frequency fj. Thus, in order to solve the problem, a 
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material having a lower dielectric constant needs to be used as an insulating layer. 

SUMMARY OF THE INVENTION 
The present invention provides a semiconductor device having an improved 
5 structure in which parasitic capacitance between a gate electrode and a source 
electrode is reduced such that deterioration of the characteristic of a device is 
prevented in a field effect transistor (FET) having a T-shaped gate electrode. 

The present invention also provides a method of manufacturing a 
semiconductor device by which parasitic capacitance between a gate electrode and 
10 a source electrode is reduced in a field effect transistor (FET) having a T-shaped 
gate electrode. 

According to an aspect of the present invention, there is provided a 
semiconductor device, the semiconductor device comprising a semiconductor 
substrate, source and drain electrodes, which are formed on the semiconductor 

15 substrate to make ohmic contact with the semiconductor substrate, a T-shaped gate 
electrode, which is formed between the source and drain electrodes on the 
semiconductor substrate, and an insulating layer including a silica aerogel layer, the 
silica aerogel layer being interposed between the gate electrode and the source and 
drain electrodes. The insulating layer is formed of a composite layer of the silicon 

20 nitride layer and the silica aerogel layer. 

The silica aerogel layer may have a thickness greater than the thickness of 
the silicon nitride layer. The silicon nitride layer may have a thickness of 100-1000 
A, and the silica aerogel layer may have a thickness of 1000-3000 A. 

According to another aspect of the present invention, there is provided 

25 a method of manufacturing a semiconductor device. An insulating layer pattern is 
formed on a semiconductor substrate, the insulating layer pattern being formed of a 
composite layer of a first insulating layer and a silica aerogel layer and defining a 
first opening through which a first portion of the semiconductor substrate is exposed. 
Source and drain electrodes are formed on the semiconductor substrate exposed 

30 through the first opening. A second insulating layer for covering the source and 
drain electrodes and the insulating layer pattern is formed. The second insulating 
layer and the insulating layer pattern are patterned to form a second opening 
through which a second portion of the semiconductor substrate is exposed, between 



2 



the source and drain electrodes. A T-shaped gate electrode is formed on the 
semiconductor substrate exposed through the second opening. 

The first insulating layer may be a silicon nitride layer, and the second 
insulating layer may be formed of silica aerogel. 
5 The method may further comprise etching the semiconductor substrate 

exposed through the second opening to form a recess region in the semiconductor 
substrate. In this case, the gate electrode is formed in the recess region. 

According to another aspect of the present invention, there is provided a 
method of manufacturing a semiconductor device. Source and drain electrodes are 

10 formed on a semiconductor substrate. A first insulating layer for covering the 
source and drain electrodes and a top surface of the semiconductor substrate is 
formed. A silica aerogel layer is formed on the first insulating layer. The silica 
aerogel layer and the first insulating layer are patterned to expose a first portion of 
the semiconductor substrate. A T-shaped gate electrode is formed on the first 

15 exposed portion. The first insulating layer may be a silicon nitride layer. 

According to the present invention, in a field effect transistor (FET) having a 
T-shaped gate electrode, parasitic capacitance between a gate electrode and a 
source electrode is reduced such that deterioration of the characteristic of a device 
is prevented, signal transmission is more quickly performed, and a device having an 

20 increased number of cut-off frequency in an RF characteristic is manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above aspects and advantages of the present invention will become 
more apparent by describing in detail preferred embodiments thereof with reference 
25 to the attached drawings in which: 

FIGS. 1 A through 1H are cross-sectional views illustrating a method of 
manufacturing a semiconductor device according to a first embodiment of the 
present invention; and 

FIGS. 2A through 2F are cross-sectional views illustrating a method of 
30 manufacturing a semiconductor device according to a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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FIGS. 1A through 1H are cross-sectional views illustrating a method of 
manufacturing a semiconductor device according to a first embodiment of the 
present invention. 

Referring to FIG. 1A, a semiconductor substrate 100 is prepared. The 
5 semiconductor substrate 100 may be formed of GaAs, InP, GaN, InGaP, InAIAs or 
AIGaAs, for example. 

Referring to FIG. 1B, a first insulating layer 112 formed of a silicon nitride 
layer and a silica aerogel layer 114 are sequentially formed on the semiconductor 
substrate 100, thereby forming an insulating layer 110 formed of a composite layer 

10 thereof. In the insulating layer 110, the silica aerogel layer 1 14 is formed to a 
thickness greater than the thickness of the silicon nitride layer 112. The silicon 
nitride layer 112 forms a stable passivation layer on the surface of the 
semiconductor substrate 100. 

Referring to FIG. 1C, the silica aerogel layer 114 and the first insulating layer 

15 112 are sequentially patterned using a wet or dry etching process, thereby forming 
an insulating layer pattern 1 10a comprising a first insulating layer pattern 1 12a and a 
silica aerogel layer pattern 1 14a to define a first opening 116 through which a first 
portion 100a of the semiconductor substrate 100 is exposed. 

Referring to FIG. 1D, an ohmic metal is deposited on the semiconductor 

20 substrate 100 exposed through the first opening 116, thereby forming a source 
electrode 122 and a drain electrode 124. The source electrode 122 and the drain 
electrode 124 may be formed of various materials depending on material and 
structure of the semiconductor substrate 100. For example, the source electrode 
122 and the drain electrode 124 may be formed of AuGe/Ni/Au. 

25 Referring to FIG. 1E , a rapid thermal annealing process is performed on the 

source electrode 122 and the drain electrode 124 if necessary, and then, a second 
insulating layer 130 for covering the source electrode 122, the drain electrode 124, 
and the insulating layer pattern 1 10a is formed. Preferably, the second insulating 
layer 130 is formed of silica aerogel. 

30 Referring to FIG. 1F, the second insulating layer 130 and the insulating layer 

pattern 1 10a are patterned using a wet or dry etching process, thereby forming a 
second opening 136 through which a second portion 100b of the semiconductor 
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substrate 100 is exposed, between the source electrode 122 and the drain electrode 
124. 

Referring to FIG. 1G, a photosensitive layer pattern (not shown) for exposing 
the second portion 100b of the semiconductor substrate 100 through the second 
5 opening 136 is formed on the second insulating layer 130 in which the second 
opening 136 is formed. The photosensitive layer pattern is formed to define an 
opening (not shown), which communicates with the second opening 136 in an upper 
portion of the second opening 136 and has a width greater than the width of the 
second opening 136, and the opening has a negatively sloped sidewalk After that, 

10 the semiconductor substrate 100 exposed through the second opening 136 is 
etched, thereby forming a recess region 140 in the semiconductor substrate 100. 
Formation of the recess region 140 may be omitted as occasion demands. 

Referring to FIG. 1H, a gate electrode formation material, for example, 
Ti/Pt/Au is deposited on the second portion 100b of the semiconductor substrate 

15 100 in which the recess region 140 is formed, and the photosensitive layer pattern is 
removed using a lift-off process, thereby forming a T-shaped gate electrode 150. 
The gate electrode 150 may be formed of various materials depending on material 
and structure of the semiconductor substrate 100. 

As described above, the silica aerogel layer pattern 114a is interposed 

20 between the gate electrode 150, the source electrode 122, and the drain electrode 
124. In addition, preferably, the second insulating layer 130 formed between the 
gate electrode 150, the source electrode 122, and the drain electrode 124 is formed 
of silica aerogel. In this structure, the sum of the thickness of the silica aerogel 
layer pattern 114a and the thickness of the second insulating layer 130 is greater 

25 than the thickness of the first insulating layer pattern 1 1 2a. In particular, preferably, 
the first insulating layer pattern 1 12a formed of a silicon nitride layer has a thickness 
of about 100-1000 A, and the total thickness of the second insulating layer 130 
formed of silica aerogel and the silica aerogel layer pattern 1 14a is about 1000-3000 
A. 

30 In the method of manufacturing the semiconductor device according to the 

first embodiment of the present invention, a silica aerogel layer is interposed 
between a head portion of a gate electrode and a source electrode. The silica 
aerogel layer has a dielectric constant equal to or less than 2.5, which is lower than 
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the dielectric constant of a silicon nitride layer having a dielectric constant of 6-9. 

Thus, parasitic capacitance between the head portion of the gate electrode and the 

source electrode is remarkably reduced. 

FIGS. 2A through 2F are cross-sectional views illustrating a method of 
5 manufacturing a semiconductor device according to a second embodiment of the 

present invention. 

Referring to FIG. 2A, an ohmic metal is deposited on a semiconductor 

substrate 200, thereby forming a source electrode 222 and a drain electrode 224. 

The semiconductor substrate 200 may be formed of of GaAs, InP, GaN, InGaP, 
10 InAIAs or AIGaAs, for example. The source electrode 222 and the drain electrode 

224 may be formed of various materials depending on material and structure of the 

semiconductor substrate 200. For example, the source electrode 222 and the drain 

electrode 224 may be formed of AuGe/Ni/Au. 

Referring to FIG. 2B, a rapid thermal annealing process is performed on the 
15 source electrode 222 and the drain electrode 224 if necessary, and then, a first 

insulating layer 232 for covering the source electrode 222, the drain electrode 224, 

and a top surface of the semiconductor substrate 200 is formed. Preferably, the 

first insulating layer 232 is formed of a silica nitride layer. The first insulating layer 

232 is formed to a thickness of about 100-1000 A. 
20 Referring to FIG. 2C, a silica aerogel layer 234 is formed on the first insulating 

layer 232. The silica aerogel layer 234 is formed to a thickness of about 1000-3000 

A. 

Referring to FIG. 2D, the silica aerogel layer 234 and the first insulating layer 
232 are patterned using a wet or dry etching process, thereby forming an opening 

25 236 through which a first portion 200a of the semiconductor substrate 200 is 
exposed, between the source electrode 222 and the drain electrode 224. 

Referring to FIG. 2E, a photosensitive layer pattern (not shown) for exposing 
the first portion 200a of the semiconductor substrate 200 through the opening 236 is 
formed on the silica aerogel layer 234 in which the opening 236 is formed. The 

30 photosensitive layer pattern is formed to define an opening (not shown), which 

communicates with the opening 236 in an upper portion of the opening 236 and has 
a width greater than the width of the opening 236, and the opening has a negatively 
sloped sidewalk After that, the semiconductor substrate 200 exposed through the * 
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opening 236 is etched, thereby forming a recess region 240 in the semiconductor 
substrate 200. Formation of the recess region 240 may be omitted as occasion 
demands. 

Referring to FIG. 2F, a gate electrode formation material, for example, 
5 Ti/Pt/Au is deposited on the first portion 200a of the semiconductor substrate 200 in 
which the recess region 240 is formed, and the photosensitive layer pattern is 
removed using a lift-off process, thereby forming a T-shaped gate electrode 250. 
The gate electrode 250 may be formed of various materials depending on material 
and structure of the semiconductor substrate 200. 

10 In the structure of a device manufactured according to the second 

embodiment of the present invention, a silica aerogel layer is interposed between a 
gate electrode and source and drain electrodes. Thus, due to the silica aerogel 
layer having a very low dielectric constant, parasitic capacitance between the head 
portion of the gate electrode and the source electrode is remarkably reduced. 

is In the semiconductor device according to the present invention, a silica 

aerogel layer having a low dielectric constant is used as an insulating layer 
interposed between the gate electrode and the source and drain electrodes. In 
other words, in manufacturing an FET using a compound semiconductor, such as a 
MESFET or a HEMT, an insulating layer forming a stable passivation layer on the 

20 surface of the semiconductor substrate, for example, a silicon nitride layer is 
deposited to a small thickness, and then, the silica aerogel layer having a low 
dielectric constant is deposited on the semiconductor substrate, thereby forming a 
passivation layer having a two-layer structure. In this structure, a material having a 
low dielectric constant is interposed between the head portion of the gate electrode 

25 and the source electrode such that parasitic capacitance between the head portion 
of the gate electrode and the source electrode is remarkably reduced. 

Thus, according to the present invention, in the field effect transistor having a 
T-shaped gate electrode, parasitic capacitance between the gate electrode and the 
source electrode is reduced, such that deterioration of the characteristic of a device 

30 is prevented, signal transmission is more quickly performed, and a device having an 
increased number of cut-off frequency in an RF characteristic is manufactured. 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art 
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that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 
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